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STAT

CHANGES IN VARIOUS PHYSIOLOGICAL AND RIOCHRMICAL PROCESSES

UNDER THR INFLUENCE OF HEAVY MUSCULAR STRENS

Fiziologiya nervnykh G. G. Didenko,
protsessov [Physiology A, G. FPilippova,
of Narve Processes], Institute of Phyailology
1935, Kiev, Pages 429-437 imeni A, A, Bogonolets,
Academy of Sciences,

Ukrainian 88K;

Laboratory of the Higher

Nervous Activity and

Nerve Trophics

The present communication sets forth the results of one
stage of work in studying the effect of heavy muscular Etress on
animal organisms. Having conductod our resaarch within the frame-
work of Q. V; Fol'bort's rlan of" activity, we have taken into ac-
count all the major propositions he formulated on the coanectior

between the processes of exhaustion and recovery.

Our study was devoted to changes in the olecimcardiogrnn"
and in protein metabolism hen dogs were subjucted to heavy mus-
cular stress. The 2 types >f observation were conducted simul-
taneously with the same do.;, as it seewsd appropriate to us to
compare changes in physiciogical and biochemial processes occur-
ring during a single e:pe: . ent. I, P. Pavlow pointed to the
necessity for this type o: axperiment kin’him work on the proucesses

of exhsustion and recovery »>f the salivary ygland.

The literature contains references to studies of the rela-
tionship between muscular activity and nitrogun metabolism. The
data thuJ obtained testify directly and imdirectly to changes in
aitrogen metabolism in muscular activity. In studies during re-
cent vearn (S8avron', Kunchuliya) on animals and rabbits, the

authors devmonstrated that asuscular actlvliy is accompanied by
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olovated exsretion of prodwets of protein decomposi.ion.

The object of our study was to investigatec changes in pro~-
tein mstabolisa under the influsnoe of severe nuscular strain in
dogs. The change in protein metabclism was studied under dyiamic
conditions: prior to and after spplicatior of muscular load, dur-

ing the period of recovery.

We chose the electrocardiogram as the means of characteriz-
ing canine cardiac activity, because it offers a better means than
any other of determining, albeit indirectly, the wetabolic processes
in cardisc muscle. Of primary interest to us was a clarification
of the changes specifically in t-s metabolism of cardiac muscle

during heavy muscular work by ihe animal, and in rest thersafter,

Many paysiologists and clinicians (Smirnov, letunov, Boris-
ova and Rusinov, Kiselev and Rakhlin, Lang, etc) ascociute the tail
of the electrocardiogram and, primsrily, the T wave, with metabolic

(in Smirnov's opinion, restorative) processes in cardiac muscle.

The results of a sories of studies in which the subjects
were usually athletes indicate that intensive physical stross does
produce the greatest ckange specifically in the terminal cowponents
of ihe electrocardiogram. Qur prior research (A. G. Filippova,
"Changes in the Electrocardiogran under Physical Stress,’ communica-
tious I, 11, Voproay fimiologii [Problems of Puysiology], Nos 9, 10)
with dogs has shown thaat severe muscular stress results in change in
all the componunts of the electrocardiogram (waves i«nd intervals),
but that the greatest changes occur toward the emd, in the 8-T seg-
mont and the T wvave, In most experiments these changes wove in a

single direction, but they differ in deyree, and do not always

~
-~

J Sanitized Copy Approved for Release 2011/06/08 : CIA-RDP81-00280R001300170020-9

-




Sanitized Copy Approved for Release 2011/06/08 : CIAerb81-00230R001300170020-9

R

s e e . —p

T o ¢ m Ty

metuu;mdlod. In some animals even
exceptionally heavy stresses did nét produce marked changes in
the wlectrocardiogram. As a result, wo are in coxplsto ayreement
with the conclusion of §. P. Dotkin to the effect that heavy
phy;tcal isbor is only one of the factors involved in the tiring

of the heart.
=2 thod

The experiments were run on 3 dOgs in metabolism c&ges snd

kept on & constant ration.

All the dogs were of the same age and sex and had grown up
under identical conditions. The muscular stress consisted of caus-
ing them to run in a treadmill with a load on their backs, ususlly
constituting 63 to 70% of bodyweight. The rate at which they ran
wis 5.5 ka/hr. The dogs ran until they could run no longer, 2 of

them keeping it up for 120 to 180 minutes, while tha other guit

¢7‘7‘

after 50 to 60 minutes.

Study of protein metabolism was by comparative analysis of
daily urine for 4 to 5 days before the experiment, duriag the day
of experiment, and for 5 to 7 days during the period of recovery,
Total urine nitrogen was deiermined by the Xjeldabl method, and
total urea by the urease method, It was impossible for the feed-
ing regixsn to affeot excretion of nitrogen with the urine. The
experiment with muscular losd was set up after the daily urine
nitrogen had reached & given level. During the research the dogs
showed a positive nitrogen balance or a atate of nitrogen equilib-

rium,
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The electirocardiograns were takem in the 3 stawisrd leads
and in the usual manner, with an EXP-4, before the load-carrying
dogs began to run, at various times while they werc running, and

during 60 to 80 minutes after they atopped.

The dogs were weighed and rectal temperature taken before

and after the experiments.

Results

Under heavy muscular stress mosat of the dogs showed specific
changes in electrocardiogram, pulse, rectal temperature, weight,

and protein metabolissm.

The changes in pulse and electrocardiogram were of the same
nature &8s in the experiments preoviously described. Toward the end
of the run, the dog's pulse increased 33 to 100 beats per minute.
In the subsequent 60 minutes of rest the pulse of some of the ani-~
nals dropped to the initial level, or even bpelow. In most of the

dogs it remsained at a rate of 15 to 20 beats per minute,

The electrocardiogran taken immediately after running
showod the P-Q to be shortened by 0.01 to 0.03 second, and the
QRST Ly 2.03 to 9.08; while the sscond and third leads showed an
{ncmuo in tho P and T waves. The T wave, diphasic or negative
before the run, becamo positive at the beginning of the run. At
the end of the run with load, the positivity of the T-wave de-
alined in a number of experiments, and sometimes bocame negative.
The stress caused a decline in all the waves in the first lead,
and the Q of the second and third. During the rest periocd there

was an increase in the waves of the first lead, and the G of the
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seccod and third. The P &V T recaived elevated for & period, and
in some instances ocoatinued to risge, At tho oud;;:t the rest period
the T ilva Weuslly decitinad, often becoming diphasic or negetive.
mu'ins the rest period the QRSET geyment ususlly increased by 0.02
to 0.05 secoud. As in our former experiments, romoval of the load

instently produced marked changss in the ECG.

‘the nature of the changos was identical in all experisments, .
but their profundity differed sosewhat, particularly in different
animals. In certain animsls the changes wore sustained for a

p’cx-iod of several days.

'At the end of the run the rectal temperature proved to be
elevated by 1.4 to 2.8°C. During the rest period the temperature
dropped sharply, falling by 0.4 to 1°C, relative to the initial
temperature, during the first 20 to 30 minutes after running, and

by 2.3 to 3° relative to that measured immediately after running - -{‘[

(see Table). ‘ TN

After crunning with tho load, a decline in the animal's
weight by 1.7 to 5.3% wes noted., In most casos weight returned to

nermal within 1 or 2 days.

In virtually all the experiments the excretion of total
nitrogen and of urea nitrogen increased after physical stress.
This incresse varied from day to day in individual animels. Thus,
in certain oxperiments, the total nitrogsn and urea nitrogen dur-
ing the day of experiment incresged by 13 to 24%, returning the
next diy to the initial level. In other expérissnts the quantity
rose by 100 to 130% and remmined elevated for 2 to 5 days after

the experiment with physical load. During this first stage of
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CEANOES IX PHYSIOLOGICAL AND BIOCHEMICAL INDICES UMDER sxvm
STRESS (DOGS BOY AND TARZAN)

o Doc Losd, % Time of Rise in W Rise in pulse/min
} . of body run, tempera- | &~ & ,,5
! ‘Bxpt weight minutes ture, °C E § en 2
{ ¥o ~ 5 EE g e -
: [ ~ s°
( e N 3 -
wae [ ] : res
=
(1] (2) [3) [4) 3] (8] [7] {8]
Boy :
1 64.2 180 1.7 5.3 16 Y] 170
2 84.7 180 " 1.7 3.8 13 83 . 170 E
3 s 180 2 3.5 - 832 180 '
4 5.3 150 2 3.5 134 72 180
8 67.7 70 2 2.96 13 100 170
8 .. e8,7 120 1.8 3.5 6.4 106 170 i
i ;o ,
7 70.8 0 2.8 3.5 0 87 195 AN
B 49.5 180 1.4 1.7 24 115 133
Tarsan
1 83.4 175 2.4 8.6 53 80 150
2 658.7 50 2.2 3.9 100 80 165
In most experiments we ohservsed correspondence between the
biochemical and physioclogical changes on severe muscular stress.
In experiments in which changes in electrucardiogram, pulse, ard
tomperature were marked, there was an even greater rise in urine
nitrogon. As an example, we cite the findings with Tarvan. After
& rglatively brief run (90 minutes) he showed a considerable in-
cresso in pulse ratoe, elevation of temperature, and a marked change
-G -
!
|
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cbearved in the daily urine after the oxporinat (Figures 1a lpl

1b). However, this parallsliom was lacking in & number of experi-

menta. In one experiment ths dog Boy showed an extraordinary rise

in excretion of total and ures nitrogen (by 134%), while the

changes in the electrocardiogras were also considerablo but less
marked than in other experiments in which changes in urine nitro-
gen were distinctly lowe- and, in addition, appeared only toward

the end of the rest period (Figures 2a and 2b).

In snother experiment exceedingly sharp changes in elesctro-
cardiogram, but relatively minor changes in total and urea nitrogen
(13%), were observed. The dursation of the dog's run in this ex-
periment was only about half as long as in the prior case (Figures

, in electrocardiogram. A mhhrabxo inorease in nx::ogtn waa
| 3a and 3b)., In the preceding experiment the doyg had run rather
]

S

waell for 120 minutes, only then dbeginning to show signs of excita-
g tion and refusing to run, quitting aftor 130 minutes. In the sec-
ond experiment the dog showed marked excitation shortly after .
starting to run. After 70 minutes the axperiment was stopped, due
to marked resistance to running., The conlidorablfch.ngcl in
electrocardiogran in this instance were apparently explained by

the state of excitation which the dog had entered, lmd‘ the insig-
nificant ckange in protein metabolisn rus the consequence of the
brief duration of the work. On the other hand the longer period

of work in the first experiment, performed by the animal for a
concidorable period with no signs of excitation, produced shifts

in protein netabolism but did not lead to sharp changes in electro-

cardiogram, due to the high sdaptability of the cardiac muscle to

the load.

~
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As pravtmlrw x'ili&(tonuot Pl ..igen O »m
xi;un lovol wmg diflaren\ . the differe:’ wni-alm. In virtu-
= ally overy case, asubsequent to physical stross, the urine nitro-

gon either returaned tc¢ normkl on the very next day or renatned

somswhat slevated for a number of days. However, with Tarzan in
one of those experimants, the <hange in urine nitrogen, guite
marked during the day of the experiment, increased stil) further

the next day (Figure 4).

Thus, severe physical stress caused changes in protein

netalolism and cardiac activity in dogs, the changos often being

paralisl.

Swmary

i. Beavy physical stress (running dogs carrying weights
on their backs), accompanied by changes :in electrocardiogram,
temperi:ture, & | weight, resultea 'n an incressed excreticn of
protein decomposition products (to al wnd urca nitrogen) fn zhe

us-ineg .,

32, Changes in tho clectrocardiogram and in protein

wptabolisn was of varying intenzity in different axperiments.

'3. In a number of experiments we observed a correspondence
botween the intaensity of the changes in slectrocsidiogram and in
protein metabolims, while other expuriments Ixiled to produce thts.
The warked changes in electrucardiog:.m occurnr'ng in certain ani-
¥ls against a background «f Rittlc change ir profein metabclism
can probably be explaived Ly the hir.. state of excitation of the

aninel du:tug the experimsut,
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[,- n ?jigure ,1‘. Tarzan, Experiment 2, 90-wminute run carrying load
i "7 equal to 66.7% of budy weight at 5.5 km/hr. Electrccardio
gram taxen in 3 leads. A, before run; B, 90 minutes after
run had gterted; C, 10 minutes after dog stopped running;
D, 30 wminutes after dog stopped running; E, 60 minutes :
“after dog stopped raoning.
‘ 101
b O
- 51 53 - .
' 4 LY K
R TR O S g !
P ’ L LT - -,’l . i
! before work .
. . . H
- Figure li). Tarzan. Experiment 2. Dyrunics of excretion of total
nitrogen (in g). Crosa-hatu.ed column represents day
of experiment.
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Figure 2a, ~Boy. Experimeat 4. 130-wminute run carrying load
egual to 65% of body weight at 5.5 km/hr. Electro- X
cardiogram in 3 leads. A, before run; B, 130 min-~ }
. ‘ utes after start of run; C, 10 minutes after end of o i
. . "ﬁ
run; D, 3 minutes after removal of weight; E, 30 )E
minutes after end of run. : :
; " P s
R Cp I J U :
[ P Co ‘ 13 . i P : ao
! . . . L
g
i | | 3
-before work cfter work - A
. My
L 38537 2939 38 36740 5 550
d . I
HE ‘ . before work ofter work ,
? Figure 2h, Boy. Experiment 4, Dynamics of excretion, total nitrogen
s .
X {I) and urea nitrogen (X1} (in g). Cross-hatched column
g:
represents day of experiment. c'
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i Figure 3a. Boy. Experiment 5. 70-wminute run at 5,5 km/hr with
lond equal to 67.5% of body weight. Electrocardfogram
: in 3 leads. A, before run; B, after attachment of
load; €, 70 minutes after start of run; D, 15 minutes
after end of run (dog standing still with load; £, 10
or 15 seconds after removal of load; F, 60 minutes =
. ; after end of run, o ] "la
‘ as . '
: . B AN o RIS .
’ ] 7 ’ﬁr“ Figure 3b. Boy. Experiment 5. Dyn:- 1
/« j
1 Z mics of excretion of tntal ‘x:
g e
before work atter work nitrogen (1) and urea o
6.1
32 51 152 5049 50
J 50.'.’ 449 nitrogen (11), g. Cross~
X 7 E}
|2 hatched colunn shows day
before work ofter work
B 'of experiment,
12
: Figure 4,  Tarzan, Experiment 1, 170~ ~
£ minute run at 5.5 km/hr with Y
614 X
2 “8 4y A 47‘-4‘
P load equal to 63% of body weight, f < {7 "'--}
/| L
Grams total nitrogen (1) and urea H j
before work ofter work
nitrogen {(11) excreted. Cross- ) ﬁi
hatched column corresponds to <of 1281 )
? o s le 0T S ELEEL
day of experiment, I '
before work ofter work
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